The oral susceptibility to yellow fever virus was evaluated in 23
In Brazil, urban yellow fever (YF) transmission has not been noticed since 1942 (Franco 1969) . During the last 60 years, the reported human YF cases or small outbreaks have been only due to infections acquired inside or close to the jungle, where the virus is transmitted by sylvatic mosquitoes belonging to genera Haemagogus and Sabethes. The urban mosquito vector Aedes aegypti, eradicated from Brazil in the 50's and re-introduced in the 70's, has been spreading over the country during the following decades, colonizing counties located in the sylvatic YF endemic area. The presence of Ae. aegypti in cities near the YF sylvatic transmission and the possibility of infected people, especially tourists, to move during incubation and viraemia periods to cities highly infested by Ae. aegypti increase chances of contact between this mosquito and YF virus and the risk of urban transmission of the disease in Brazil and other South American countries (Vasconcelos et al. 1999 , 2001 , Forattini 1999 , Prata 2000 . Although infected people may be bitten by Ae. aegypti, urban YF cycle has surprisingly not yet been established in Brazil. However, in Santa Cruz, Bolivia, where Ae. aegypti is present in cities near areas where sylvatic YF is endemic, an outbreak of urban YF has recently been reported. This outbreak was fortunately limited in time and space by vaccination campaigns of urban residents (Van der Stuyft et al. 1999 The oral susceptibility of Ae. aegypti populations to YF virus is one of the important components which can give an insight on the epidemic risk in the re-emergence of the urban transmission of the disease. The determination of the oral susceptibility to YF virus of Ae. aegypti in Brazil has been claimed (Vasconcelos et al. 1999 , Prata 2000 .
In this study, the oral susceptibility to YF virus of 23 Brazilian samples of Ae. aegypti was evaluated (Table) . For comparative purposes, six additional samples from Southeast Asia, West Africa and North and South America were tested. All the Ae. aegypti samples belonged to the pale form (Ae. aegypti aegypti), except for the Boulbinet sample, from Guinea, which corresponded to the dark form, Ae. aegypti formosus. In all essays, the Paea strain of Ae. aegypti collected in Tahiti (Vazeille-Falcoz et al. 1999 ) was used as control.
Mosquito samples were collected by using ovitraps settled around human dwellings, from March to December 2001, except for the West Palm Beach, Ho Chi Minh, Phnom Penh and Boulbinet samples which were collected either as larvae and/or pupae. Field collected mosquitoes (F 0 ) raised to adult in the laboratory were morphologically identified to species and fed on guinea pigs to obtain eggs. The procedures to maintain and infect mosquitoes followed those described by Vazeille-Falcoz et al. (1999) .
The YF virus strain (FIOCRUZ 74018/MG/01) was isolated, in Ae. albopictus C6/36 cells, from the serum of a 39-years old human YF fatal case from Bom Despacho, State of Minas Gerais, Brazil, in 2001. It was identified by indirect immunofluorescence (IFA) using anti-YF monoclonal antibodies (CDC#M20958) and genotyped as American genotype I by partial nucleotide sequencing. Mosquito oral infections were performed with a viral stock corresponding to the supernatant fluid of the 4th pas-sage of this virus strain in C6/36 cells. Viral stock production was done according to Vazeille-Falcoz et al. (1999) and titers calculated by the 50% endpoint method described by Reed and Muench (1938) and expressed as 50% mosquito infectious doses (MID 50 )/ml.
All infection experiments were conducted with 5-to 7-day old F 1 females fed for 15 min through a chicken skin membrane covering an apparatus containing the infectious meal, composed of 2/3 washed rabbit erythrocytes, 1/3 of YF virus suspension, and ATP (5 x 10 -3 M). The titer of the meal was 10 8.7 MID 50 /ml. Only fully engorged females were considered. Mosquito infection was determined by the detection of YF viral antigen by IFA on head squashes after 14 days of incubation at 28 ± 1 o C. Statistical analysis was performed using R x C Fisher's exact test.
A total of 2,487 Ae. aegypti from Brazil were tested. Except for Ae. aegypti collected in Milhã, which 148 tested females were negative, all other evaluated Ae. aegypti samples from Brazil were orally susceptible to YF virus. However, the infection rates were heterogeneous when all Brazilian samples were considered (P < 0.05). In the great majority of the Brazilian Ae. aegypti samples (14 out of 23) infection rates were low, i.e. under 13%. This was the case of most of Ae. aegypti samples from Northeast (Pacujá, Quixeramobim, Salvador, Feira de Santana) and Southeast regions (Cariacica, Leandro Ferreira and five samples from the State of Rio de Janeiro). Actually, we can consider that the vectorial competence of these samples is low, even though YF infected mosquitoes have not been tested for experimental transmission. On the other hand, when only samples from the endemic area of sylvatic YF transmission (Table) were taken into account, the infection rates were higher, although heterogeneous (P < 0.05), ranging from 11.1% in Rio Branco to 46.4% in Ananindeua. The highest infection rate for Ae. aegypti was observed for Foz do Iguaçu (48.6%), which is located in the transition area of sylvatic YF transmission in Brazil. The Asian samples were more susceptible (47%-64.4%) than those from Brazil (0-48.6%), Venezuela (13.6%) and USA (24.8%). Only 3.3% of mosquitoes from the dark form Ae. aegypti formosus (Boulbinet) became infected with YF virus. The infection rates for the Paea control strain ranged from 30% to 56%. This is the first time the YF infection rates of Ae. aegypti samples from Brazil were experimentally evaluated. Before Ae. aegypti eradication, several experiments of YF transmission were conducted with this mosquito collected in Brazil (Strode 1951) , but the proportions of susceptible females per infected lots were unknown.
The low oral susceptibility to YF virus of most of the Brazilian Ae. aegypti samples we tested certainly contributes to the absence of the urban transmission in the country. For example, the municipality of Leandro Ferreira experienced an outbreak of sylvatic YF in 2001. The locality although infested by Ae. aegypti did not undergo urban transmission of YF. Our results showed that only 12% of the Ae. aegypti females from this small city became infected with the YF strain isolated from a man infected in the neighboring forest. Low susceptibility of Ae. aegypti to the virus may limit the occurrence of a YF urban cycle there. This was the case of the Guinean situation: in Sep. 2001, few YF human cases were suspected and only two were laboratory confirmed in Boulbinet. Despite of the presence of Ae. aegypti, no outbreak was reported (A Yebakina, pers. commun.). Coincidently, our results showed that the Boulbinet sample presented a low infection rate for YF virus (3.3%). Besides oral susceptibility, other factors must be considered to explain the restriction of transmission to the sylvatic cycle in Brazil. Low oral susceptibility to YF virus certainly tends to limit the dissemination of the infection into urban areas but alone does not explain why urban transmission has not been initiated from sylvan outbreaks around Ae. aegypti infested cities such as Leandro Ferreira. Besides low susceptibility, perhaps the density of Ae. aegypti in such small cities is not enough for initiating an YF transmission cycle. Actually, it has been shown that Ae. aegypti populations with a relatively low susceptibility to YF virus may be involved in the occurrence of outbreaks. In 1987, Nigeria experienced a large urban YF epidemic transmitted by Ae. aegypti that showed low oral susceptibility: 26% became experimentally infected and only 7% succeeded in transmitting YF virus. On the other hand, Ae. aegypti was present in extremely large numbers in both domestic and peri-domestic environments during the outbreak (Miller et al. 1989) . A high oral susceptibility to YF virus in Ae. aegypti does not account for the presence of transmission. Indeed, YF outbreak has never been reported in Asia although the Ae. aegypti samples tested herein from Cambodia and Vietnam were the most susceptible. Ae. aegypti samples from Ananindeua and Foz do Iguaçu, located respectively in the endemic and transition areas of sylvatic YF transmission, were considerably susceptible to YF virus (> 45% positive), even though urban transmission has not been reported there.
The question raised is to know if the current Ae. aegypti Brazilian populations have lower vectorial competency compared to populations present in the country before the eradication. It has been wondered if the country was re-colonized by populations imported from YFfree areas where mosquitoes were weakly susceptible to the virus, resulting in the absence of urban YF transmission (Prata 2000) . Actually, even before Ae. aegypti and urban YF eradication in Brazil, the frequency which YF outbreaks disseminated from jungles into urban centers was much lower than expected, as stressed by Whitman and Antunes (1938) . No comparison of the oral susceptibility to YF virus between the ancient and present Ae. aegypti Brazilian populations is feasible. It is possible that the Brazilian Ae. aegypti populations are derived from founders coming from different parts of the World, and probably from the American countries where the species has never been eradicated, such as Venezuela and USA. We tested samples from Maracay, Venezuela, and West Palm Beach, USA, whose infection rates (13.6% and 24.8%, respectively) were similar to those estimated for most of the Brazilian ones.
The determination of oral susceptibility of Brazilian Ae. aegypti is an essential information lacking in the evaluation of the risk of YF urbanization in the country. Other components determining the vectorial capacity, such as mosquito density, daily survivorship, dispersal, and biting rate, as well as the duration of viraemia and the immune background of human population must be taken into account for the understanding of the absence of urban YF transmission in Brazil where high infestation by Ae. aegypti is reported. Nowadays, a low YF immunization coverage and the presence of Ae. aegypti of noteworthy susceptibility to YF virus near endemic areas of sylvatic YF, such as Belém, Ananindeua and Foz do Iguaçu, increase the risk of urban outbreaks. In addition, the possibilities of rapid displacement of infected people from YF sylvatic endemic areas to densely populated cities with high Ae. aegypti infestation, still pose a threat of the re-emergence of the urban transmission of the disease in Brazil
Further studies on oral susceptibility to YF virus as well as on genetic structure of Ae. aegypti Brazilian populations are necessary in order to access mosquito dispersal and thus, gene flow between populations. Selected genes such as those controlling the vector capacity could be disseminated depending on environmental factors and human activities facilitating mosquito and virus spreading.
